Introduction: Atrial fibrillation (AF) is the leading cause of ischemic stroke and is one of the most common arrhythmias. Previous studies have shown that impaired diastolic functions, P wave dispersion (Pd), and prolonged atrial conduction times (ACT) are associated with increased incidence of atrial fibrillation (AF). The aim of this study was to evaluate diastolic functions, Pd, and ACT in fibromyalgia syndrome (FMS) patients to determine whether there is an increase in the risk of developing AF. Methods: The study included a total of 140 female patients (70 FMS group, 70 healthy control group). Pd was evaluated using 12 lead electrocardiography (ECG), and diastolic functions and ACT with echocardiography. The ECG and echocardiographic evaluations were performed by different cardiologists blinded to the clinical information of the subjects.
Introduction
Fibromyalgia syndrome (FMS) is a non-inflammatory rheumatic syndrome with systemic symptoms such as chronic diffuse pain, fatigue, stiffness, depression, cognitive dysfunction, anxiety and sleep disorders [1] .
Although the pathophysiology of FMS is not clear, the dysfunction of the autonomic nervous system is thought to be involved in the etiopathogenesis of the disease. In FMS, both ways of the autonomic nervous system (sympathetic and parasympathetic) are affected at various degrees. Autonomic nervous system dysfunction is responsible for accompanying sleep disorder, anxiety, Raynaud phenomenon and irritable colon syndrome [2] .
Atrial fibrillation (AF) is the leading cause of ischemic stroke and is one of the most common arrhythmias [3] . Both parasympathetic and sympathetic nervous system dysfunction are known to trigger potential AF development. Non-invasive tests such as echocardiography and ECG are used to predict the development of AF. The P wave dispersion (Pd), which is especially detected from superficial electrocardiography (ECG), is considered an indirect AF indicator [4] . Prolongation of atrial conduction times (ACT) has been shown to be associated with the risk of AF development and recurrence [5] . There is also a clear association between impaired diastolic functions and AF development [6] .
Pd and impaired diastolic functions have been shown in FMS patients [7] but there has been no study on ACT evaluations in FMS. Therefore, the aim of this study was to evaluate the left ventricular diastolic functions, the ACT and Pd in terms of AF, which may develop in patients with FMS.
Methods

Study design and participants
A total of 140 subjects (70 FMS patient group, 70 control group) participated in this case-control study between January 2019 and June 2019. Female patients aged 35-55 years were included in both groups. The FMS patient group comprised patients diagnosed with fibromyalgia according to the American College of Rheumatology 1990 Criteria for the Classification of Fibromyalgia [8] , who were admitted to the Department of Physical Medicine and Rehabilitation. The control group consisted of healthy subjects selected from patients with non-specific symptoms and no cardiovascular or other systemic diseases, who were attending the Department of Physical Medicine and Rehabilitation.
The study was conducted in accordance with the principles of the Declaration of Helsinki. The study protocol was approved by the Niğde Ömer Halisdemir University Clinical Research Ethics Committee. Written informed consent was obtained from each study participant.
Patients were excluded if they had AF, dysrhythmia or taking antiarrhythmic drugs, hypo-hyperthyroidism, ECG abnormalities such as atrioventricular blocks or intrainterventricular conduction defects, severe and moderate valve pathology, atherosclerotic heart disease, cardiomyopathies, pulmonary hypertension, pericardial disease, or a history of pulmonary embolism in both groups. In the FMS group, patients who had previously received treatment of fibromyalgia were excluded.
The fibromyalgia impact questionnaire and visual analogue scale
The Fibromyalgia Impact Questionnaire (FIQ) was developed to assess the condition, progression, and outcome of fibromyalgia patients. The FIQ consists of 10 items, including physical disability, general well-being, anxiety, dismissal, job success, fatigue, pain, rest, stiffness and depression. The FIQ is based on a specific algorithm, with ≥80 points indicating severe disease [9] .
The severity of pain was evaluated with a Visual Analogue Scale (VAS), where 0 points = no pain and 10 points = intolerable pain.
Echocardiographic analysis
Echocardiographic evaluations were performed by the same cardiologist using a 3.5-MHz transducer (EPIQ 7, Philips Healthcare, Andover, Mass., USA). The clinical diagnosis and status of the patients were not known by the cardiologist. During the echocardiographic evaluation, the patients were monitored and turned to their left sides. All measurements were repeated at least three times and mean values were taken. 2D echocardiographic measurements were performed according to the standards determined by the American Society of Echocardiography [10] .
Using the Simpson method, the LV ejection fraction (LVEF) was calculated. The sample volume was placed on the mitral leaflet tips, then pulse wave mitral flow velocities were measured from the apical four chamber view. Mitral early diastolic velocity (E, cm/s), late diastolic velocity (A, cm/s), E/A ratio, E deceleration time (DT, ms) and isovolumetric relaxation time (IVRT, ms) were calculated from the apical view. On tissue Doppler imaging (TDI) from the lateral and septal aspects of the mitral annulus, measurements were taken of the E' septal and E'lateral early diastolic velocities.
The E' mean was calculated from the mean of the septal and lateral values.
TDI was used for the evaluation of atrial electromechanical intervals. First, the Nyquist limit was set to 15-20 cm/s and the monitor sweeping speed to 50-100 mm/s to be able to obtaine the optimum spectral image of myocardial velocities. The PA interval, representing the atrial electromechanical intervals, was defined as the time from the beginning of the P wave on ECG to the beginning of the A wave on TDI. The PA interval was measured from the lateral mitral annulus, the PA lateral, from the septal mitral annulus, the PA septum, and from the right ventricular tricuspid annulus, the PA tricuspid. The left intra-atrial electromechanical delay (EMD) was defined as the difference between lateral and septal PA intervals, the right intra-atrial EMD as the difference between the septal and tricuspid PA intervals, and the inter-atrial EMD as the difference between the lateral and tricuspid PA intervals [11] .
Electrocardiographic analysis
ECG was taken after 10 min of rest at a speed of 50 mm/ sec and a voltage of 20 mm/mV. ECG evaluations were performed manually at × 10 magnification by the same cardiologist who was blinded to the clinical details of the patients. P wave durations were calculated using 12 leads. The longest p wave duration was Pmax, the shortest P wave duration was Pmin, and the difference between them was defined as Pd.
Reproducibility
For evaluation of intraobserver agreement, 20 patients were selected at random, and the measurements were repeated by the same cardiologist under the same conditions. The intra-observer variation coefficients were 6.5% for PA tricuspid, 5.6% for PA septum and 5.8% for PA lateral. The intra-observer coefficient of variation for Pwave variables was 4.8%. These coefficients of variation were not statistically significant.
Statistical analysis
Statistical analysis was performed using IBM SPSS 20.0 software (IBM Corp., Armonk NY, USA). Categorical variables were summarized as frequency and percentage. Continuous variables were presented as mean ± standard deviation or median (minimum-maximum) values. The Shapiro-Wilks test was used to evaluate the normality of continuous variables. According to the normality distribution of the continuous variables, differences between the two groups were determined using the Student's t test or the Mann-Whitney U test. Categorical variables were compared with Pearson or the Chi-square test. Pearson correlation coefficient was used to show the relationship between continuous variables. A value of p < 0.05 was considered statistically significant.
Results
The laboratory and clinical features of the study groups are given in Table 1 . Age, systolic, diastolic and mean blood pressure, hypertension incidence rates, body mass index, serum levels of total cholesterol, fasting blood glucose levels, serum levels of thyroid stimulating hormone, and smoking status were not different between the two groups ( Table 1) .
There was no significant difference between the FMS and control groups in terms of LVEF, LV end-diastolic dimension (LVEDD), LV end-systolic dimension (LVESD), interventricular septum diameter (IVSD), LV posterior wall diameter (PWD), A wave velocity, E/E' lateral, E/E' septal and E/E' mean.
In the FMS group, the E wave velocity and E/A ratio of the mitral flow were significantly lower, the IVRT was significantly higher and LA diameter were significantly wider, compared to the control group ( Table 2) .
The septal PA, lateral PA and tricuspid PA values were significantly higher in the FMS group than the control group. The left-sided intra-atrial EMD, right-sided intraatrial EMD and inter-atrial EMD in the FMS group were significantly higher than in the control group (Table 3 ).
In the FMS group the P max was prolonged compared to the control group, but there was no significant change in the P min value. Pd was found to be higher in the FMS group compared to the control group (Table 4 ).
In the FMS group, there was no significant relationship between left-sided intra-atrial EMD, right-sided intra-atrial EMD, inter-atrial EMD, Pmax and Pd, and age, E/A ratio and DT. All these five parameters were significantly correlated with LA dimension, IVRT, FIQ and VAS in the FMS group. There was a strong correlation between FIQ and VAS and the echocardiographic parameters of ACT (left-sided EMD, right-sided atrial EMD and inter-atrial EMD), Pmax, Pd (Table 5 ).
Discussion
There were four main findings in this study. First, the left and right intra-atrial EMD and inter-atrial EMD were significantly longer in patients with FMS than in the control group. Second, the Pmax and Pd values were higher in patients with FMS than in the control group. The E wave duration and E/A ratio were significantly decreased and IVRT was significantly increased in the FMS patient group compared to the control group. These parameters are indicative of moderate diastolic dysfunction. The diameter of the left atrium was larger in the FMS patient group than in the control group. In addition, the echocardiographic parameters of ACT were significantly correlated with echocardiographic indices of diastolic functions, Pmax and Pd in patients with FMS. Finally, the FIQ and VAS, which are indicative of disease severity, were correlated with Pmax, Pd and delay of ACT in the FMS patient group. Neurohormonal factors and autonomic dysfunction have been implicated in the etiopathogenesis of FMS [12] . Autonomic dysfunction manifests as sympathetic hyperactivity and decreased parasympathetic activity [13] . It is known that impaired heart innervation may cause ventricular dysfunction, including hyperactivity of sympathetic fibers, peripheral vasoconstriction, inotropic increase in the heart and indirectly, cause harmful reactions in myocytes [14] . The autonomic nervous system disrupts the sinoatrial node and the atrioventricular node, both of which can be affected by autonomic stimuli. In the absence of any other reasons, autonomic dysfunction has been accepted as the cause of arrhythmias [12] .
Previous clinical studies have shown increased arrhythmias [12] , increased carotid intima media thickness [15] , non-dipper circadian blood pressure change [16] , increased coronary artery disease [17] , arterial stiffness [18] and diastolic dysfunction [19] in FMS patient groups. In these clinical studies, autonomic dysfunction and neurohumoral factors have been implicated in the etiopathogenesis of these clinical conditions with FMS.
AF, which is the most common cause of ischaemic stroke, can manifest with palpitations, heart failure, increased hospitalization, and reduced exercise capacity. Inter-atrial and intra EMD have been shown to be associated with new-onset and relapse of AF in patients with or without heart disease [5, 20] . Pd is considered a specific and sensitive marker of AF [21] and has been reported to be an indicator of paroxysmal AF [22] . Left ventricular diastolic dysfunction also increases the risk of developing AF [6] . In previous studies, changes in p-wave duration and the presence of diastolic dysfunction have been shown to be higher in FMS patients [19, 23] . To the best of our knowledge, there has beeen no previous study on ACT in FMS patients. In the current study, changes in p wave durations and prolongation of ACT were observed, and these findings support an increased risk of developing AF in the FMS patient group. The increased diastolic dysfunction also supports this condition.
Catecholamine and adrenergic discharge disorders and permanent activation of catecholamine-induced calcium channels are thought to be possible mechanisms for increased arterial stiffness and diastolic dysfunction in FMS patients [24, 25] . The prolongation of p wave durations and prolongation of ACT may have been the result of all these pathologies and left atrial enlargement.
FIQ and VAS values reflect the severity of the disease. In previous studies, a correlation has been shown between FIQ and VAS values and vascular stiffness [18] . On this basis, it is possible to observe the correlation between FIQ and VAS values and Pmax, Pd and ACT in our study. It has thus been shown for the first time in literature that the risk of AF development may be increased with increased disease severity.
Study limitations
The main limiting factor of this study was the lack of evaluation of autonomic nervous system dysfunction in both groups. The study was a cross-sectional study and so may not reflect all FMS patients and long-term follow-up of these patient groups was not performed. ECG holter monitoring that can detect occult arrhythmias and heart rate variability indicating autonomic nervous system dysfunction was not used in the follow-up of patients, and there was no evaluation of serum catecholamine levels. The inclusion of only female subjects can be considered another limitation and the relatively low number of patients.
Conclusions
In conclusion, the results of this study demonstrated that the ACT were longer and the Pd value was higher in FMS patients than in the control group. Impaired diastolic dysfunctions were also determined in FMS patients, and it was seen that the risk of AF development may be increased by the severity of the disease. Although no previous long-term follow-up studies have shown an increased risk of AF, all these abnormalities may increase the risk of cardiovascular and cerebrovascular events in patients with FMS.
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